Based on the vertical velocity field of reanalysis datasets, this study defines a new dynamical index for the India-Burma trough and supports this index's advantages by analyzing reanalysis and observational datasets. For a convenient understanding, the vertical velocities of 5 levels ranging from 700 hPa to 500 hPa within the area of 15.625 ∘ N-24.375 ∘ N and 90.625 ∘ E-100.625 ∘ E are multiplied by −1 and summed up into a time series involving each year from 1979 to 2012. The standardized value of the time series is defined as the index of India-Burma trough (IIBT). IIBT can reflect the characteristics of the annual strength and the interdecadal variation of the India-Burma trough. IIBT can also well reveal the relationship between the India-Burma trough and its upstream teleconnection. What is more, through a correlation analysis on the grid point precipitation field, respectively, with the IIBT and the India-Burma trough indices defined with vorticity and geopotential height, over southern Asia the correlation pattern between the IIBT and the precipitation field is found to nearly be the sum of the correlation patterns of the latter 2 indices with the precipitation. To the south of the TP, the correlation field between the IIBT and the grid point precipitation shows dipolar distribution, which is consistent with the correlation patterns of the IIBT with the vertical velocity, specific humidity, and the mid-level geopotential height in the same spatial location. IIBT is beneficial for more accurate study of the impact of the India-Burma trough on the associated weather and climate.
Introduction
The TP splits and merges the tropospheric westerlies. When westerlies meet the TP, the anticyclonically curved flow to the north side forms the dynamic high pressure ridge, whereas the other branch flow to the south cyclonically shapes the dynamic low pressure trough, which is named as the southern branch trough or the India-Burma trough [1] . Qin et al. [2] indicated that the India-Burma trough, also known as the subtropical westerly trough, is closely related to the upstream teleconnection and the Arabian Sea trough. The India-Burma trough appears in all seasons throughout a whole year, especially in the winter half year (December-May in the next year) with the highest frequencies [2] . From the perspective of climate, Suo and Ding [3] studied the structure and evolution characteristics of the subtropical south branch trough in the winter half year and pointed out that the India-Burma trough is the semipermanent trough of low pressure, appearing in the subtropical south branch westerly to the south of the plateau, in more detail which is over BOB in the winter half year. The India-Burma trough is established in October over the northern BOB, which intensifies in winter and becomes active in spring and then transforms into the BOB trough in June.
The India-Burma trough is one of the most important synoptic systems affecting southern China in winter [4] , whose impact on the weather and the short-term climate may even extend to the eastern China and Japan [5] . Qin et al. [2] revealed that the onset of the rainy season in southwestern China is caused by the interaction between the India-Burma trough and the cold air from high latitudes. He et al. [6] believed that the burst of the South China Sea monsoon is associated with the India-Burma trough. It supplies most of the moisture from BOB when the moisture from the western North Pacific (WNP) is interrupted to a large extent [7, 8] . Previous studies also expounded the relationship between the India-Burma trough and El Niño, through which Li et al. [9] exhibited the reason for the drought in northern and northwestern China. Zhao et al. [10] deemed that the number of days of spring sand-dust storm in northwestern China is 2 Advances in Meteorology also linked to the India-Burma trough. Suo and Ding [3] pointed out that the India-Burma trough is connected to the onset of the summer monsoon in China. Since the IndiaBurma trough has an important influence on the weather and climate, it is one of the important factors for the weather forecast in China.
In order to study the India-Burma trough and its effects on the weather and climate, many scholars have defined the India-Burma trough index from different perspectives.
Zhang et al. [11] defined the India-Burma index with the averaged geopotential height in the area of 15 ∘ N-27.5 ∘ N and 80 ∘ E-100 ∘ E at 500 hPa and pointed out that the IndiaBurma trough was relatively strong in the winter half year from the 1950s to the 1970s. Especially in the 1960s, the trough was the strong, and after that it began to weaken. The strength of the India-Burma trough is not all the same in different periods, with quasi 17-year oscillation in the low frequency band, and quasi 3-year and quasi 8-year cycle in the medium-high frequency band [11] . Wang et al. [12] defined the India-Burma index with the averaged vorticity in the area of 15 ∘ N-25 ∘ N and 80 ∘ E-100 ∘ E at 700 hPa and pointed out that the index defined with vorticity is better than that defined by geopotential height. They pointed out the increasing tendency of the India-Burma trough strength after 1978 and further studied the differences of the IndiaBurma trough's impacts on the climate of South and East Asia between 1949-1977 and 1978-2010 . Lu and Ren [13] agreed with the conclusion of Wang et al. [12] and further explore the fact that SST forcing is an important factor for IIBT interdecadal deepening. The India-Burma trough indices defined from different perspectives could not give an unified answer whether the trough grows stronger or weaker after 1978. Compared to other weather and climate systems of southwestern China and South Asia, the IndiaBurma trough is relatively active in winter and spring, and it becomes more and more important for the annual prediction of the temperature and precipitation (including drought) there. The drought occurring in the low-latitude highlands in southwestern China is frequent and widespread [14] . From the winter of 2009 to the spring in 2010, the most serious drought since 1951 occurred there [15] [16] [17] [18] [19] [20] [21] . Many researches had shown that the weak India-Burma trough resulted in less water vapor transportation from the BOB to the highlands [22] [23] [24] [25] , which is one important reason of this drought event. The variety of definitions for the IndiaBurma trough index illustrates that no particular physical parameter fully describes it. Therefore, the researchers could not well study its real weather and climate significance in South Asia and southwestern China, which this manuscript investigates. The data and methods used for the study are presented in Section 2. Section 3 describes the results and analysis. Conclusion and discussion are given in Section 4. [26] .
Data and Methods
If series has samples, we can get the normalization by three steps:
For M-K method, suppose that the series has samples, and then construct a rank.
In formula (4) UF 1 = 0. ( ) and var( ) are the average value and variance of :
Then reverse , repeat above steps, and make sure that The critical value of 95% significance is 1.96 and the UF > 0 (UF < 0) indicates the upward (downward) trend of the serial, with exceeding the critical value denoting the significant upward (downward) trend. The intersection point between the critical lines represents the point of mutation.
Results Analysis

The Analysis of the Meteorological Elements in the IndiaBurma Trough
Region. TP is the most important topographic feature of the Asian continent. As shown in Figure 1(a) , the westerlies form a northern branch to the north of TP and a southern branch in the other side, with a ridge and a trough (India-Burma trough), respectively. The India-Burma trough stretches southward from the southern hill of TP to the north of the BOB (near 15 ∘ N). The trough region is located in the northern part (near 20 ∘ N) of the BOB, and there is a high pressure ridge due to the terrain blocking effects on the air current over the India peninsula. When the air flow in front of the India-Burma trough enters Yunnan province, a weak ridge is formed by the terrain effects. As portrayed in Figure 1 (b), at 700 hPa the divergence in front and back of the trough above the land is positive, which means divergence. Maybe because of the blocking effect of the Deccan Plateau in India on the air flow, a stationary anticyclone is located in the back of the trough (seen from Figure 1(a) ), which leads to the appearance of divergence in the back of trough, although there exists convergence in the back of trough in general, whereas the divergence over BOB is negative, displaying a convergent state. In Figure 1 (c), the climatological mean of the vorticity on 700 hPa is negative to the west of the trough axis, positive at the trough axis, and negative east of the trough axis in the southern part of Yunnan. Regarding 700 hPa vertical motion ( Figure 1(d) ), upward vertical motion is evident east of the tough axis and sinking motion west of the trough axis. It can be seen from the distribution of the trough lines in Figure 1 that the India-Burma trough can be discerned in various meteorological element fields at 700 hPa, with obvious ascending motion in front of the trough and a clear separation of the negative (ascending) area in front of the trough and the positive (sinking) area in the trough region, in view of which the definition of the India-Burma index based on the vertical velocity in front of the trough can be a good one.
Defining the India-Burma Trough Index with Vertical
Velocity. Wang et al. [12] defined the India-Burma trough index with the 700 hPa vorticity to study the India-Burma trough's influence on climate anomalies in East and South Asia. However, Wang et al. [12] also suggested that the IndiaBurma trough index could also be defined by vertical velocity downstream of the trough axis.
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(a) 700 hPa relative vorticity advection As depicted in Figure 2 (a), there exists strong negative relative vorticity in the back of the trough and positive vorticity advection in front of the trough at 700 hPa, the latter of which is in favor of the occurrence of ascending motion. And, in front of the trough (Figure 2(b) ), there is positive temperature advection, which also supports the occurrence of rising motion. For example, Li et al. [9] pointed out that the ground thermal effects of the TP can affect the strength of the India-Burma trough. The vertical motion not only reflects the relative vorticity, but also includes the influence of the temperature advection; therefore the vertical motion is used to measure the India-Burma trough. Figure 1(d) , the region in front of the India-Burma trough covers 15.625 ∘ N-24.375 ∘ N and 90.625 ∘ E-100.625 ∘ E. For the rest of the manuscript, vertical velocity is multiplied by −1. As the India-Burma trough appears mainly in the mid-low layers of the troposphere [12] , the vertical velocity in front of the trough region on a total of 5 layers from 700 hPa to 500 hPa is summed up in each year from 1979 to 2012 into a sequence, whose standardized series are used to define the index of India-Burma trough (IIBT).
The India-Burma Trough Index and Its Connection with Various Meteorological Elements. As shown in
where sum indicates sum-up, ∏ 500 hPa 700 hPa represents sum-up from 700 hPa to 500 hPa, and Norm means normalization.
Wang et al. [23] argued that the weak India-Burma trough is one of the reasons for the most severe drought event since 1951 in southwestern China from the winter of 2009 to spring of 2010 [22, 27] . Figure 3 (a) illustrates that IIBT is strongly negative for the extreme drought year of 2010. However, this drought persists to year 2012 (e.g., [28] ), even though IIBT is no longer strongly negative. However, other droughts correspond well to negative IIBT values exceeding one standard deviation (e.g., 1982, 2005, 2009 , and 2010 in Figure 3(a) ). These illustrate that IIBT can well depict the characteristics of the India-Burma trough strength in the years with extreme climate events generally. Figure 3(b) shows multiple intersections between the UF and the UB curves before 1984, which indicates that annual variation exists for the India-Burma trough before 1984. After the year 1984, the India-Burma trough strength has an increasing tendency, and the trend becomes significant around 2000, exceeding 95% confidence level. Figure 4 demonstrates the EOF analyses of the precipitation of 148 stations in lowlatitude highlands, located in front of the India-Burma trough. The correlation coefficient between IIBT and the PC1 of the 1st EOF mode of the precipitation of these 148 stations is 0.55, and the value in nearly all the spatial field of the 1st EOF mode is consistently positive or negative (Figure 4(a) ). So, IIBT not only reflects annual variation characteristics of the India-Burma trough, but also reveals its interdecadal variation characteristics. IIBT also embodies the close relationship between India-Burma trough and relatedarea precipitation.
As shown in Figure 5 Figure 6 : The correlation between the vertical velocity (a, b), specific humidity (c, d), geopotential height (e, f), and IIBT ((a), (c), and (e) for 700 hPa; (b), (d), and (f) for 500 hPa) in winter half year. Additionally, the different shadings from light to dark have passed the significance test with more than 90%, 95%, and 99% confidence level, respectively; the red (blue) areas denote the positive (negative) correlation areas, respectively.
that the trough becomes stronger, and vice versa. From the 500 hPa analysis ( Figure 5(b) ), it can also be seen that when the upstream anticyclone in the west of the South Asia high becomes strong (or the Arabian Sea trough becomes weak), the zonal air flow along the periphery of the high is more likely to turn into northerlies, and meanwhile the anticyclone in the east becomes weak and the India-Burma trough grows strong when the peripheral air flow of the subtropical high near 100 ∘ E-130 ∘ E along 10 ∘ N becomes weak. According to the method provided by Yang and Sun [29] and considering the average position of the subtropical high in the research time span, the meridional position index of the subtropical high is calculated with the averaged relative vorticity over 500 hPa within 14 ∘ N-24 ∘ N and 110 ∘ E-135 ∘ E, whose correlation coefficient with IIBT is 0.28, indicating passing 90% significance test. This illustrates that when the India-Burma trough grows strong, the subtropical high moves eastward, which causes weak air flow along the subtropical high periphery near the India-Burma trough. IIBT reflects the relationship between the India-Burma trough activity and the upstream fluctuation of the south branch westerly and its connection with the South Asia high and the subtropical high.
As shown in Figure 6 (a), it can be seen that when the India-Burma trough grows strong, at 700 hPa, the vertical Advances in Meteorology 
The correlation between IIBT (a), the India-Burma trough index defined with vorticity (b), the India-Burma trough index defined with geopotential height (c), and the grid point GPCP precipitation in winter half year, respectively. The shaded areas pass significance test more than 90% confidence level, where the red (blue) areas denote the areas of more (less) rainfall when the India-Burma trough is strong.
ascending motion is enhanced in the zonal circulation between 10 ∘ N and 20 ∘ N. The descending motion in the back of the Arabian Sea trough is enhanced, and the vertical motion in front of the India-Burma trough obviously becomes strong. The 500 hPa contour (Figure 6(b) ) also shows the above features, but with less negative correlation area and more positive correlation area whose center moves to the Iran plateau. Li et al. [9] pointed out that as the IndiaBurma trough strengthens, the convective activity near the BOB becomes more vigorous, which is reflected by IIBT. In addition, from both 700 hPa and 500 hPa in Figures 6(c) and 6(d), it can be seen that as the India-Burma trough index increases the specific humidity values in front of the trough increase, with more water vapor from the tropical ocean, whereas the air flow turns drier in the Iran plateau in the India-Burma trough upstream. When the India-Burma trough grows strong, the vertical motion becomes vigorous, with the water vapor transporting upwards from the low layer, and therefore the positive correlation between the moisture in front of the trough on 500 hPa and IIBT is more significant, compared to that in 700 hPa. The India-Burma trough is closely related to the water vapor advection in front of the trough, which is also reflected by IIBT.
Additionally, Figures 6(e) and 6(f) show that when the IIBT is more intense, the geopotential height in the IndiaBurma trough region decreases, whereas the air flow in the back of the Arabian Sea trough accumulates, with greater geopotential height values, which is consistent with the analysis of Figures 5, 6(a), and 6(b) . The variations of the vertical velocity, specific humidity, and the geopotential height are important indices, which reflects the variations of the IndiaBurma trough, especially the variations of specific humidity, which is the reflection of the air flow strength in front of the trough and an important factor affecting the precipitation of the low-latitude highlands. The significant correlations between IIBT and these meteorological elements, as well as the consistency in the correlation patterns, illustrate that IIBT can reflect the India-Burma trough structure.
The Comparison between IIBT and Other India-Burma
Trough Indices. Wang et al. [12] used averaged vorticity of the area of 15 ∘ N-25 ∘ N and 80 ∘ E-100 ∘ E at 700 hPa to define the India-Burma trough index, whose correlation coefficient with IIBT is 0.46. Suo and Ding [3] used 700 hPa anomaly series of the mean geopotential height of the area of 15 ∘ N-25 ∘ N and 80 ∘ E-100 ∘ E to define the India-Burma trough index, whose correlation coefficient with IIBT is −0.48. These 2 correlation coefficients have passed the 99% significance test with critical value of 0.44. The correlation patterns of these 3 indices with GPCC grid point precipitation are displayed in Figure 7 . From the correlation pattern between IIBT and GPCC precipitation (Figure 7(a) ), it is evident that when the India-Burma trough becomes strong in winter and spring, the precipitation of the southeast corner of TP, southwestern China to the eastern India-Burma trough, and the IndoChina Peninsula increases, as well as the rainfall of the areas along the coastline in the Indian subcontinent, mainly restricted to 10 ∘ N- IIBT and the precipitation takes on a dipolar pattern to the south of the TP. This dipole type appears in the same spatial position in Figures 6(a), 6 (b), 6(c), 6(d), and 6(f), in a good agreement with each other, which indicates that IIBT well reflects the influence of the India-Burma trough strength on the meteorological elements in the low-latitude highlands in China, the southeast corner of the TP, the Indo-China peninsula, and the Indian subcontinent, as well as the impact degree of the precipitation there. Compared with Figure 7 (a), the India-Burma trough index defined with vorticity reflects significantly less influence scope from the trough on the precipitation of the Indo-China peninsula and the Indian peninsula, as well as fewer areas of less precipitation in the Iran plateau. The dipole type (Figure 7(b) ) similar to Figure 7 (a) still exists, but very weak, which means that the index cannot reflect well the wide influence degree of the India-Burma trough on the precipitation in South Asia. The correlation between the India-Burma trough index defined with geopotential height and the grid point precipitation is shown in Figure 7 (c), which can reflect the impact of the trough on the precipitation in Indo-China peninsula, but not for the rainfall in southwestern China. The water vapor transportation of the India-Burma trough is beneficial to the precipitation in South China and even serves as an important moisture source in the prerainy period. However, Figure 7 (c) shows that the stronger India-Burma trough is unfavorable to the precipitation in South China. As shown in Figure 5 , the Philippines and Malaysia are under the control of the subtropical high in winter and spring; possibly the subtropical high is an important factor for the amount of the rainfall there. Under the consideration of all these conditions, the India-Burma trough index defined with geopotential height seems unable to reflect the real impact degree of the trough on the surrounding areas.
Except for the Philippines and Malaysia, the areas passing the significance test in South Asia in Figure 7 
Conclusion and Discussion
The upward motion is closely associated with temperature advection and vorticity advection, which often vary with the change of the weather or climate. So, it can affect directly the related-area precipitation during the winter half year, which is an important source to local water supply for domestic water in autumn and early spring crop growth. To facilitate the understanding, the vertical velocity is multiplied by −1, and the vertical velocities in front of the trough on a total of 5 layers from 700 hPa to 500 hPa are summed up year by year spanning 1979 to 2012, which after standardization is defined as the index of India-Burma trough (IIBT).
IIBT can reflect the strength of India-Burma trough in the years with extreme climate events. As shown in Figure 8(a) , in the winter and spring of 2009-2010, compared with the average state of 1979-2012, an anomalous anticyclone is excited in the India-Burma trough region, and the trough is evidently weak, which is in accordance with the situation in IIBT series (Figure 3(a) ). In addition, IIBT negative anomaly years (1982, 2005, 2009 , and 2010) also conform to this rule. Since the 1970s, dramatic changes occurred in many parts of the world [30, 31] , with more extreme weather and climate events. The index defined by vorticity cannot reflect these events well (Figure 8(b) ). Under such background, employing IIBT to describe the India-Burma trough can well characterize its annual variation.
IIBT reflects the relationship between the trough and the upstream fluctuation of the southern branch westerlies. When the anticyclone in the west of the South Asia high is enhanced, the zonal air flow along the periphery of the high is more likely to become northerlies; at the same time the anticyclone in the east of South Asia high becomes weak, and the IIBT is more intense and the trough turns out to be stronger. And the relationship between the IndiaBurma trough and the upstream fluctuation is also reflected in the precipitation. When the trough grows strong, the precipitation of the Iran plateau decreases. IIBT also reveals the correlation between the trough and the surrounding weather and climate system, as well as the trough structure. When the trough grows strong, the peripheral air flows of the South Asia high and subtropical high become weak, and the sinking motion in the back of the Arabian trough is enhanced. The vertical motion in front of the India-Burma trough significantly becomes strong, and the specific humidity in front of the trough increases; meanwhile the geopotential height in the trough region decreases.
Through the correlation of IIBT and other India-Burma trough indices separately defined with vorticity and geopotential height, with the grid point precipitation, it is found that the correlation pattern of IIBT with precipitation is nearly the sum as the latter two with precipitation over South Asia. The correlation field takes on a dipole type to the south of the TP, which appears in the same spatial position of the correlation fields of IIBT with vertical velocity, specific humidity, and the mid-level geopotential height, very consistent with each other. The India-Burma trough is a major moisture source for the southwestern China in winter and spring. As shown in Figure 7 , the India-Burma trough has important effects on the precipitation in southwestern China, which is also verified by the observational data from 148 stations in the low-latitude highlands (including Yunnan, the south of Sichuan, the west of Guangxi, and the west of Guizhou) in southwestern China. Spring is the most active stage of the India-Burma trough [3] , and during this period the correlation field of the observational data of the meteorological station with IIBT has 106 (71.6% of the total) stations passing the 95% significance test, which reveals the influence of magnitude and degree of the trough on the spring precipitation; the correlation linked index defined with vorticity and precipitation also reflects the influence on rainfall from the trough, with 95 stations passing the 95% significance test, whereas the index defined with geopotential height fails to reach the accuracy, only with 62 stations passing the 95% significance test (figure omitted).
The correlation coefficient between IIBT and the PC1 of the 1st EOF mode of the precipitation of these 148 stations is 0.55 (Figure 4) . Through IIBT, the study on the specific impact of the India-Burma trough on the precipitation in South Asia is worth delving more deeply.
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